At 260 Grand Rapids lettuce seeds require an exposure to white or red (6500A-6800A) light in order to germinate. This stimulating effect is reversed if this illumination is followed immediately by a brief exposure to far-red light (7000A-7500A). This phenomenon, discovered by Flint and McAllister (4), has been widely studied (3, 8) . Many factors, such as lowering the temperature to 160 (1), can lessen the light requirement of these seeds or even cause it to disappear completely.
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Miller (6) reported that kinetin permitted Grand Rapids lettuce seeds to germinate in darkness, thereby replacing their light requirement. He revised this conclusion when he observed that the high germination percentage was due to an accidental penetration of light during the experiments and its synergistic interaction with kinetin (7) .
In contrast, Haber and Tolbert (5) came to the conclusion that kinetin only stimulated germination in darkness and presented no interaction with light.
The purpose of this study was to make a detailed investigation of the action of kinetin on lettuce seed germination, and to propose a possible explanation of the contradictory results previously obtained. The terminology used and the definition of germination are those given by Evenari (3) .
Methods and Materials
The seeds used were Grand Rapids lettuce seeds (Lactuca sativa L.) provided by the Ferry Morse Seed Co. Unless otherwise specified, the experiments were made with seeds from the 1958 crop. The seeds were stored at 4°. Those Controls showed that there was no difference in the results under either set of conditions. The seeds were soaked in 9 cm Petri dishes on Whatman filter paper disks moistened with 3 ml of water or kinetin solution. The dishes were placed in containers wrapped in black cloth, and kept in dark incubators set at 260. Each experiment was made with 300 or 400 seeds and was repeated at least 3 times.
After a variable number of hours some of the containers were brought again to the dark room to receive illumination. Red light was obtained by filtering the light of a 3-w incadescent lamp through a Corning Traffic Red glass filter with a maximum transmission at 6300A, in combination with a Schott glass anticaloric filter; the latter cut off the extreme far-red and the infrared radiations and prevented overheating. A fluorescent lamp would have avoided the use of this filter but was not practical in the setup used. The same experiments were made later using an intereference filter which had less than 0.01% transmission at 6900A. The variation of light quantity was obtained either by using various exposure times, or by changing the distance between the lamp and the seeds. The light intensity received by the seeds was measured usually with an Edgecumbe and Evrett light meter, and was also checked with a Jacobsen radiometer giving the light energy in ergs/cm2 second and a sensitivity of 5.16 ergs/cm2 second.
Results
The question of effect of kinetin has received various and conflicting answers. Miller (7) In order to investigate this apparent synergism between kinetin and light, the influence of the different intervening factors had to be analyzed. Of these, the most important were the concentration of the kinetin solution, the duration of soaking before illumination, and the amount of light used.
The optimum concentration of kinetin was found to be between 10-D M and 5 X 10-5 M. At lower concentrations, the promoting effect was lessened and at higher concentrations kinetin had a marked inhibiting effect. At all active concentrations the root growth was greatly inhibited, the cotyledons were of a bright yellow color, and the seedlings took on a generally thicker aspect. The concentration of 5 X 10-5 M was used in all further experiments.
To investigate the influence of light quantity, illumination was always given after 8 hours of imbibition, the seeds having shown a maximum sensitivity around this time.
First, the action of medium quantities of light was investigated. An intensity of 16 ft-c was used and the illumination was given during an increasing number'of seconds. Figure 1 shows the effect of increasing amounts of light on the ratio germination in kinetin/germination in water. The value of the ratio decreased with increasing quantities of light and approached unity. Clearly the synergistic effect of light and kinetin was at its maximum with low energy levels. The next step was to study the action of smaller quantities of light. In these experiments, the different light intensities were obtained by increasing the distance between a 3-w tungsten lamp and the seeds until the lowest measurable intensity of 0.1 ft-c was reached. As little as 0.1 ft-c was found sufficient to cause a significant promotion of the germination of kinetin imbibed seeds, although it had little effect on the water controls (fig 2) . Experiments were also made with high intensity illumination. Using a 200-w lamp, an exposure of 2 seconds at 250 ft-c gave a germination ratio in kinetin and water very near to 1.
As a result, an intensity of 0.5 ft-c with a 40-second exposure proved to be the most convenient light condition to use in further experiments.
Another factor in the kinetin light interaction was the influence of the duration of the dark imbibition before illumination. Soaked seeds received illumination after a varying number of hours in darkness a; 260. They were then left to germinate for 48 hours. Figure 3 shows that the sensitivity to light rises from the beginning of imbibition to a maximum around the seventh or eighth hour. The peaks. corresponding to the maximum germination percentage obtainable under these light conditions, occurred at the same time for the seeds which were soaked in kinetin and for the control seeds. The curves remained parallel until about the 13th hour, after which the light sensitivity of the water imbibed seeds decreased rapidly and 24 hours after the beginning of imbibition there was no difference in germination with the controls left in continuous darkness. As for kinetin imbibed seeds, the decrease of photosensitivity following the peak was gradual, and sensitivity remained high even after 40 hours of imbibition in complete darkness. The maximum value of the ratio. germination in kinetin/germination in water was ob--tained after 24 hours of soaking. During the period when the water imbibed seeds were still photosensi- tive, however, the maximum value of the ratio was obtained from the seventh to the eighth hour. This corresponds to the peak of light sensitivity in both solutions. For all further experiments illumination was given to the seeds 7 hours after the beginning of imbibition. It remained to ascertain whether kinetin modified the normal course of germination through a change of the rate or through a change of the general time course.
The peak of photosensitivity appeared at the same moment of the time course of germination (fig 3) , both for the seeds which received only light, and the seeds which received both light and kinetin. Following the peak, the 2 curves were parallel until the end of germination which occurs around the 14th hour. It can be concluded that kinetin does not act through a change in the normal time course of germination.
Seeds germinated in kinetin and in water were counted every hour from the onset of root protrusion, both on lots which were kept in darkness throughout the experiment, and on lots which had received the customary illumination after 7 hours of soaking. The different lots of seeds were sown at the same time, and for each hour, a lot was taken and counted ( separate set of reactions whose product eventually interacts with the product of the photoreaction. This was studied by the following methods designed to separate in the interaction the effect of kinetic from the effect of light.
All the lots were soaked in water and received illumination 7 hours later. Then for each hour following the illumination, 1 lot was taken, the seeds dried between sheets of filter paper, sown in petri dishes containing kinetin, and replaced in the incubator. These operations were carried out in complete darkness with controls transferred either from water to water or from kinetin to kinetin to ascertain that the operation in itself did not affect germination (table II) . Even when kinetin was added to the seeds 8 hours after illumination, it was still capable of reacting with the product of the photoreaction.
From the ninth hour, however, the results were the same as when the seeds were soaked in water throughout the experiment.
In the following experiment, kinetin was given before illumination. First, the seeds were presoaked in kinetin and transferred to water after various number of hours. Illumination was given 7 hours after the beginning of the initial soaking. At the onset of imbibition, the seeds need a minimum of 2 hours of presoaking in kinetin in order to be able to give an interaction with the later illumination (table III) .
Then the seeds were presoaked in water, and at different moments of the time course of germination, they were transferred for 1 hour to petri dishes containing kinetic. As in the other experiments, all the seeds received illumination after 7 hours of total imbibition. The results in table IV show that there tween them indicates that the interaction does not occur through a direct synergism between kinetin and light. The interaction could conceivably take place between a late product of the photoreaction and a modified form of kinetin.
Summary
Kinetin interacts with light in the promotion of the germination of Grand Rapids lettuce seeds. In the dark, there is only a slight stimulating effect. The optimal condition for the study of this interaction was the use of very small quanti,ties of light given after 7 hours of soaking. Kinetin modified neither the germination rate of the seeds nor the general time course of germination. Kinetin was given as late as 8 hours after illumination and still showed the maximum interaction with light. The seeds showed a maximum sensitivity to kinetin between the fifth and seventh hours after the beginning of imbibition. At this moment of the time course, a soaking of 5 minutes in kinetin is sufficient to induce the interaction with light.
The contradictory results found previously on the action of kinetin on seeds soaked in the dark are due to the different photosensitivity of the seed lots.
